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DETAILED ACTION 

Election/Restrictions 

1. Restriction is required under 35 U.S.C. 121 and 372. 

This application contains the following inventions or groups of inventions which 
are not so linked as to form a single general inventive concept under PCT Rule 13.1. 

In accordance with 37 CFR 1.499, applicant is required, in reply to this action, to 
elect a single invention to which the claims must be restricted. 
Group I, claim(s) 1-6, drawn to an optical recording medium. 
Group II, claim(s) 7-17, drawn to a method of using an optical recording medium. 

2. The inventions listed as Groups I and II do not relate to a single general inventive 
concept under PCT Rule 13.1 because, under PCT Rule 13.2, they lack the same or 
corresponding special technical features for the following reasons: the method of using 
an optical recording medium has the special technical features of a "writing strategy 
providing a channel bit length and a mark width;" furthermore, Group II has the special 
technical features of being writeable at one wavelength and readable at a second 
different wavelength, all of which are not seen in Group I, and therefore these Groups 
lack unity of invention. 

3. During a telephone conversation with Michael Belk on 02/25/08 a provisional 
election was made with traverse to prosecute the invention of Group I, claims 1-6. 
Affirmation of this election must be made by applicant in replying to this Office action. 
Claims 7-17 are withdrawn from further consideration by the examiner, 37 

CFR 1.142(b), as being drawn to a non-elected invention. 
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4. Applicant is reminded that upon the cancellation of claims to a non-elected 
invention, the inventorship must be amended in compliance with 37 CFR 148(b) if one 
or more of the currently named inventors is no longer an inventor of at least one claim 
remaining in the application. Any amendment of inventorship must be accompanied by 
a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.1 7(i). 

Priority 

5. Receipt is acknowledged of papers submitted under 35 U.S.C. 1 1 9(a)-(d), which 
papers have been placed of record in the file. 

Specification 

6. The disclosure is objected to because of the following informalities: 

a. There are no titles for the various sections of the disclosure. 

b. The sentence on page 9, lines 1 1 and 12 is awkward. 
Appropriate correction is required. 

7. The use of the trademark BLU-RAY DISC has been noted in this application. It 
should be capitalized wherever it appears and be accompanied by the generic 
terminology. 

Although the use of trademarks is permissible in patent applications, the 
proprietary nature of the marks should be respected and every effort made to prevent 
their use in any manner which might adversely affect their validity as trademarks. 
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Claim Rejections - 35 USC § 102 



8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 



9. Claims 1 and 2 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Namba etal. (4,412,231). 

Namba et al. disclose the recording medium of Figure 1 . 

FIG.! , 



There is provided on the substrate 1 a recording layer 2 that is obtained "by mixing a 
plurality of dyes having different light absorbing wavelengths from each other" (col. 2, 
lines 7-24). They disclose numerous dyes that provide absorptions from 400-900 nm. 



States. 




10. Claims 1 and 3 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Shinkai et al. (5,776,656). 

Shinkai et al. disclose the optical recording medium of Figure 2. 
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FIG. 2 
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The disc comprises a substrate 2 upon which a recording layer 3 is situated (col. 68, 
lines 49-64). The recording layer is made up of two sub-layers 31 and 32. The two 
sub-layers contain a 'B dye' and 'A dye', respectively. The disc also has a tracking 
groove 23. In Example 1 at col. 70, line 62 to col. 71, line 61 one formulation of the 
recording medium of Shinkai et al. is described. Two different dyes of the 'A' and 'B' 
type are used such that the recording medium may be recorded at 780 nm and read at 
635 nm (col. 71 , lines 25-32), or conversely it may be recorded 635 nm and read at 780 
nm (col. 71, lines 40-46). Shinkai et al. disclose that both of these read/write scenarios 
satisfactorily meet the Orange Book standards. 



1 1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 



Claim Rejections - 35 USC §103 
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12. Claim 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over Namba et 
al. (4,412,231), as applied to claim 1, in view of either Durnin (5,500,266) or Yamada et 
al. (5,635,267). 

Namba et al. disclose all the limitations of applicants' claim 1 in section 9 above; 
however, they fail to disclose a tracking groove comprised of at least two consecutive 
sections each having different widths. 

Durnin discloses an optical storage medium wherein the width of the bottom part 
of the groove changes from a distance of 0 to the width of the opening of the groove 
depending on the radial distance from the center of the optical disc, Figure 3. 




FIG. 3 

They disclose that this construction is important to such that the "difference in phase 
between an optical path through a groove region and an optical path through a 
neighboring land region is approximately independent of the distance from the center of 
the disk" (col. 2, lines 22-51). 

Yamada et al. disclose an optical recording medium, wherein there is an "outer 
zone in which the groove width decreases monotonically or stepwise as recording 
radius decreases" (Abstract and col. 4, lines 61-65). This is done such that the gain and 
servo control needs not be varied in reproduction (col. 9, lines 24-30). 
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Since Durnin, Yamada et al., and Namba et al. are all drawn to optical recording 
media, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to combine the prior art knowledge of either Durnin or Yamada et 
al. into the recording medium of Namba et al. The results of which would have been 
predictable to one having ordinary skill in the art of optical disc manufacture; further, 
one of ordinary skill would have recognized that each of the elements would have 
performed the same in combination as they had separately. 

13. Claim 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over Shinkai et 
al. (5,776,656), as applied to claim 1 , in view of either Durnin (5,500,266) or Yamada et 
al. (5,635,267). 

Shinkai et al. disclose all the limitations of applicants' claim 1 in section 10 
above; however, they fail to disclose a tracking groove comprised of at least two 
consecutive sections each having different widths. 

Durnin discloses an optical storage medium wherein the width of the bottom part 
of the groove changes from a distance of 0 to the width of the opening of the groove 
depending on the radial distance from the center of the optical disc, Figure 3. 




FIG. 3 
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They disclose that this construction is important to such that the "difference in phase 
between an optical path through a groove region and an optical path through a 
neighboring land region is approximately independent of the distance from the center of 
the disk" (col. 2, lines 22-51). 

Yamada et al. disclose an optical recording medium, wherein there is an "outer 
zone in which the groove width decreases monotonically or stepwise as recording 
radius decreases" (Abstract and col. 4, lines 61-65). This is done such that the gain and 
servo control needs not be varied in reproduction (col. 9, lines 24-30). 

Since Durnin, Yamada et al., and Shinkai et al. are all drawn to optical recording 
media, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to combine the prior art knowledge of either Durnin or Yamada et 
al. into the recording medium of Shinkai et al. The results of which would have been 
predictable to one having ordinary skill in the art of optical disc manufacture; further, 
one of ordinary skill would have recognized that each of the elements would have 
performed the same in combination as they had separately. 

14. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Namba et 
al. (4,412,231) or Shinkai et al. (5,776,656), as applied to claim 1 , in view of Murata (JP 
2000-155974), machine translation included. 
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Namba et al. or Shinkai et al. disclose all of the limitations of applicants' claim 1 ; 
however they fail to disclose a tracking groove that comprises at least two sub-grooves 
having different widths. 

Murata discloses the design of Figure 4. 

[£[4] 



He describes at [0014] that this shape is used in the grooves of an optical recording 
medium to control the phase differences in an optical recording medium. He states that 
one may form between 2-5 steps of different widths as seen in Figure 4. This is done 
such that the disc becomes readable at two different wavelengths, particularly 780 and 
650 nm [0027] and [0028]. 

Since Namba et al., Shinkai et aL, and Murata are all drawn to optical recording 
media, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to combine the prior art element of having a stepped or tiered 
tracking groove structure of Murata within the optical recording media of Namba et al. or 
Shinkai et al. The results of which would have been predictable to one having ordinary 
skill; further, one of ordinary skill would have recognized that each of the elements 
would have performed the same in combination as they had separately. 




15. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Shinkai et 
al. (5,776,656), as applied to claim 1, in view of either Durnin (5,500,266) or Yamada et 
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al. (5,635,267), as applied to claim 5, further in view of Murata (JP 2000-155974), 
machine translation included. 

Shinkai et al., as applied to claim 1 , in view of either Durnin or Yamada et al. 
renders obvious applicants' claim 5 as seen in section 13 above; however, they fail to 
render obvious the at least two consecutive sections each having different widths 
comprising at least two sub-grooves having different widths. 

Murata discloses the design of Figure 4. 

A* AX 



He describes at [0014] that this shape is used in the grooves of an optical recording 
medium to control the phase differences in an optical recording medium. He states that 
one may form between 2-5 steps. This is done such that the disc becomes readable at 
two different wavelengths, particularly 780 and 650 nm [0027] and [0028]. 

Since Shinkai et al., Durnin, Yamada et al., and Murata are all drawn to optical 
recording media, it would have been obvious to one having ordinary skill in the art at the 
time the invention was made to combine the prior art element of having a stepped or 
tiered tracking groove structure of Murata within the optical recording media of Shinkai 
et al. in view of Durnin or Yamada et al. The results of which would have been 
predictable to one having ordinary skill, which includes further control and modification 
of the phase differences throughout the recording medium; further, one of ordinary skill 
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would have recognized that each of the elements would have performed the same in 
combination as they had separately. 



Conclusion 

16. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. The relevant prior art not used in the rejection involves the level 
of ordinary skill with respect to tracking groove structures. The cited 'X reference' EP 
0676751 was not used because the Examiner deems the Namba et al. '231 reference to 
be a more comprehensive reference. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to GERARD T. HIGGINS whose telephone number is 
(571)270-3467. The examiner can normally be reached on M-F 7:30am-5pm est (1st 
Friday off). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Callie Shosho can be reached on 571-272-1 123. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Gerard T Higgins, Ph.D. 

Examiner 

Art Unit 1794 

/Gerard T Higgins, Ph.D./ 
Examiner, Art Unit 1794 



/Callie E. Shosho/ 

Supervisory Patent Examiner, Art Unit 1794 
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CLAIMS 

[Claim(s)] 

[Claim 1]A phase control element for optical head devices, wherein a hologram for beam 
splitters is united with a substrate for phase control which has a slot where plane shape is 
annular and it is stair-like in sectional shape in a phase control element to which a phase of 
light is changed. 

[Claim 2]The phase control element according to claim 1 by which material of the other is 
combined with an uneven part of the shape of a lattice which a hologram for beam splitters 
comprises an optical material and optical-isotropy material of birefringence, and was formed 
with one of materials. 

[Claim 3]An optical head device with which the phase control element according to claim 1 or 2 
was allotted between a light source and an optical recording medium in an optical head device 
provided with a photodetector which leads emitted light from a light source which is two from 
which wavelength differs, respectively to an optical recording medium, and detects catoptric 
light from an optical recording medium at least. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the optical head device using the phase control 
element for optical head devices and this which are used for recorders, playback equipment, 
etc. for optical recording media, such as an optical disc. 
[0002] 

[Description of the Prior Art]For the record reproduction of the optical recording medium (it 
represents with an optical disc henceforth) of the CD system containing CD-R, the optical disc 
whose object lens and thickness of 0.45 of wavelength the semiconductor laser and NA 
(numerical aperture) of 780 nm bands are 1.2 mm as a light source is used. On the other hand, 
the optical disc whose object lens and thickness of 0.6 of wavelength the semiconductor laser 
and NA of 650 nm bands are 0.6 mm is used for the record reproduction of the optical disc of a 
DVD system as a light source. 

[0003]Therefore, in order to realize record reproduction of the optical disc of the both system of 
a CD system and a DVD system with one optical head device, two object lenses 
corresponding to two pieces and each NA for the semiconductor laser of each oscillation 
wavelength for a CD system and DVD systems are used. However, in this method, since the 
volume of an optical head device is large since an optical system will be two lines, weight was 
also heavy and there were many part mark, there was a fault, like an assembly process is 
complicated and there is. 

[0004]ln order to solve these faults, carrying out synthetic separation of the light from the 
semiconductor laser in which wavelength differs by the synthetic separation mirror of 
wavelength selectivity, and constituting a compact optical head device using the same object 
lens is proposed, but. With the optical disc of a CD system and a DVD system, NA(s) required 
of an object lens differ as mentioned above. Therefore, when carrying out record reproduction 
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of the optical disc of a both system using the same object lens, it is necessary to change NA of 
an object lens according to wavelength. 

[0005]ln the central region of the object lens which includes an optic axis as a method of 
changing according to this wavelength, the light of two wavelength ranges carries out a 
rectilinear-propagation penetration, the light which is the wavelength of 650 nm which needs 
big NA in the adjacent spaces of the object lens which does not include an optic axis is made 
to penetrate linearly, and light with a wavelength of 780 nm as which small NA may be 
sufficient is reflected. Thus, N A to the wavelength of the optical disc in a CD system and a 
DVD system is changed by arranging a diaphragm of wavelength selectivity with the function 
which makes linear transmissivity low in adjacent spaces between an optical disc and a light 
source to one wavelength. However, since the CD system differed in the thickness of the 
optical disc from the DVD system, it was difficult to fully reduce the spherical aberration to 
generate only by such opening control (NA control). 

[0006]On the other hand, in the optical head device for optical discs, it needs to be reflected 
with an optical disc, and the emitted light from a semiconductor laser needs to turn into 
returned light, and needs to lead this returned light to the photo detector which is a 
photodetector using a beam splitter. The half mirror for leading the light of each wavelength 
separated by this synthetic separation mirror to the above-mentioned photo detector in addition 
to the above-mentioned synthetic separation mirror for carrying out synthetic separation of the 
semiconductor laser beam of different wavelength as this beam splitter is further needed. 
Therefore, part mark increase in this way, an assembly process becomes complicated, and 
productivity falls. In order to use it so that light may usually be reflected in a direction 90 
degrees to the direction of incident light, the miniaturization of the optical head device was also 
difficult for this half mirror. 

[0007]Using a hologram element as this beam splitter is proposed for this miniaturization. This 
holographic beam splitter can bend the direction of movement of light by diffraction, and can 
lead light to the photo detector arranged near the semiconductor laser. 
[0008]lf this holographic beam splitter is arranged to the side near the semiconductor laser 
between a semiconductor laser and an object lens, each hologram element will be needed 
near the semiconductor laser of two different wavelength, and part mark will increase. In the 
direction which drove the hologram element to an object lens and one, at the time of playback 
of the optical disc of a DVD system, the accuracy of tracking becomes high especially. 
[0009] 

[Problem(s) to be Solved by the lnvention]The purpose of this invention is to provide the optical 
head device using the phase control element and this which solve the above-mentioned 
problem which conventional technology had. 
[0010] 
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[Means for Solving the Problem]ln a phase control element to which this invention is made in 
view of the above-mentioned technical problem, and a phase of light is changed, Plane shape 
is annular and a phase control element for optical head devices, wherein a hologram for beam 
splitters is united with a substrate for phase control with which sectional shape has a stair-like 
slot is provided. A hologram for beam splitters comprises an optical material and optical- 
isotropy material of birefringence, and the above-mentioned phase control element by which 
material of the other is combined with an uneven part of the shape of a lattice formed with one 
of materials is provided. 

[001 1]Emitted light from a light source which is two from which wavelength differs, respectively 
is led to an optical recording medium, and an optical head device with which the above- 
mentioned phase control element was allotted between a light source and an optical recording 
medium is provided in an optical head device provided with a photodetector which detects 
catoptric light from an optical recording medium at least. 
[0012] 

[Embodiment of the lnvention]lf the object lens of NA0.6 optimized to the 0.6-mm-thick optical 
disc for DVD systems is used and the optical disc of a 1.2-mm-thick CD system is played, the 
spherical aberration which has phase contrast as shown in drawing 2 will occur. The section of 
phase contrast is expressed with this drawing 2, and it is actually three-dimensional, and is the 
doughnut shape in which the periphery rose, and is annular. 

[0013]What is necessary is just to use the phase control element which generates the phase 
contrast of drawing 2 and an inverse code, in order to amend this spherical aberration. What is 
necessary is just to form the shape where phase contrast shape phi to give was **(ed) by (n - 

1) in the surfaces, such as a glass substrate, when the slot of this phase contrast shape is 

formed in the interface of a glass substrate etc. and air and the refractive index of a glass 

substrate etc. is specifically made into n . However, although such a three-dimensional curved 

o 

surface amends a spherical aberration at the time of the optical disk reproduction of a CD 
system, it worsens a spherical aberration conversely at the time of the optical disk reproduction 
of a DVD system. 

[0014]ln this invention, the above-mentioned phase contrast shape is approximated by the 
shape of a stair-like stepper type. The plane shape formed in the substrate 21 is annular, the 
stepper type-like slot 22 is shown in drawing 4 , and sectional shape has the level difference h 
(altitude difference between the adjoining steps) in it. The number of stages formed is usually 
2-5 steps, annular is perfect here - it does not need to be circular and may be somewhat close 
to an ellipse, and the round shape is not connected further and it may run out selectively. 
There are a method, the pressing method, injection molding process, etc. which combine 
photo lithography and etching in the formation method of a slot, and a suitable method is 
chosen according to the material in which a slot is formed. 
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[0015]The phase contrast generated from the level difference h can be expressed with 2pi (n- 
1) h/lambda. In order not to change a phase at the time of optical disc use of a DVD system 
with a wavelength of lambda= 650 nm, h is chosen appropriately and phi is set to 2 pi. For 
example, to light with a wavelength of 650 nm, a phase is not substantially changed by being 
referred to as h= 1 .3 micrometers at the time of the refractive index n= 1 .5. 
[0016]On the other hand, if such a level difference is made to penetrate light with a wavelength 
of 780 nm, the phase contrast of 1.67 pi will occur. Like drawing 4 , a phase may be changed 
only to light with a wavelength of 780 nm by creating two or more these level differences, i.e., 
form a slot stair-like. Using this, plane shape is annular to a substrate, and sectional shape 
controls the phase of incident light by forming a stair-like slot, and can amend a spherical 
aberration. 

[001 7]A light transmittance state is good, the substrate used here is durable, if the refractive 
index is chosen appropriately, what kind of material may be sufficient, for example, there are 
an acrylic resin, polycarbonate, polyvinyl chloride, etc. besides glass. However, since a glass 
substrate has a high light transmittance state and high endurance, it is preferred. 
[0018]As furthermore shown in drawing 1 , plane shape is annular and sectional shape unifies 
the substrate 1 for phase control in which the stair-like slot 1 A was formed, and the substrate 2 
for holograms in which the hologram 2A for beam splitters was formed. Part mark can be 
reduced by unifying in this way, a miniaturization and a weight saving are made, and the 
assembly of an optical head device becomes easy further. By unifying in this way, the 
accuracy of position of a during [ the slot for phase control and unevenness of a hologram ] 
can also become good, and can also raise the yield of production. 

[001 9]A hologram may be formed in the rear face of the substrate which formed the slot for 
phase control as the method of unification, and the substrate in which the slot for phase control 
was formed, and the substrate in which the hologram was formed may be laminated. When 
laminating the latter, the field in which the slot for the phase control of a substrate was formed, 
and the field in which the lattice of the hologram was formed may be in the same field side like 
drawing 1, and the forming face may face each other, and a forming face may turn the back 
conversely and may suit. 

[0020]By uniting wavelength plates, such as lambda/4 board, with this phase control element 
further, the polarization characteristic of the light which faces to an optical disc, and the return 
light from an optical disc can be controlled, and it is still more desirable. 
[0021 ]lt is preferred that a lattice-like uneven part is provided in the optical material which has 
birefringence, and the uneven part uses the polarization hologram with which it fills up with 
other optical-isotropy materials as a hologram to unify. Since efficiency for light utilization is 
high, this polarization hologram is preferred. The refractive index of the optical-isotropy 
material with which the uneven part of an optical material which has this birefringence is filled 
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up is made equal to either the Tsunemitsu refractive index of the optical material of 
birefringence, or an extraordinary index to raise efficiency for light utilization. 
[0022]ln the above, although the lattice-like uneven part was provided in the optical material of 
birefringence and it said that this uneven part is filled up with optical-isotropy material, it may 
be that reverse. That is, a lattice-like uneven part may be provided in optical-isotropy material, 
and this uneven part may be filled up with the optical material of birefringence. A lattice-like 
uneven part may be provided in the optical material of birefringence, a lattice-like uneven part 
may be provided in optical-isotropy material, and both uneven parts may be made to fit in. 
[0023]This polarization hologram is that from which diffraction efficiency differs by the 
polarization direction of the entering light, It is desirable to consider it as the polarization 
direction of high transmissivity, to rotate a polarization direction with lambda/4 board etc. in the 
return trip of the emitted light which is reflected by the optical disc and returns, and to consider 
it as the polarization direction of high diffraction efficiency on the outward trip of the emitted 
light which faces to an optical disc from a light source. Thus, the unnecessary diffracted light of 
an outward trip can be reduced by changing a polarization direction, and it is desirable. 
[0024]Even if the base of an optical disc has birefringence, in order to be able to detect the 
information included in the emitted light which is reflected by the optical disc and returns, the 
refractive index of optical-isotropy material sets up to neither the Tsunemitsu refractive index of 
the optical material of birefringence, nor an extraordinary index. In this case, the utilization 
efficiency of light falls. 

[0025]Even if the optical single crystal of birefringence, such as LiNbO s , is used for the above- 
mentioned polarization hologram, can create it, but. It is preferred from a viewpoint of the 
flexibility of the ease of creation, and the selectivity of a refractive index to create a lattice-like 
uneven part to the organic thin film of birefringence, especially the thin film of a polymer liquid 
crystal, and to fill up the lattice portion into them with other optical-isotropy materials. The 
polarization hologram created with the organic thin film has a material cost and low process 
cost, and they are preferred. As an optical-isotropy material, acrylic polymers, epoxy system 
polymers, urethane system polymers, etc. are mentioned. 

[0026]By 2pi Controlling a level difference as mentioned above and being able to shift a phase 
to light with a wavelength of 650 nm, on this wavelength, phase contrast does not arise 
substantially but phase contrast produces the substrate in which the slot for phase control was 
formed, to the light which is the wavelength of 780 nm. For this reason, the close control of a 
level difference is required. When raising the controllability of phase contrast by enlarging a 
level difference, it is preferred to make refractive index difference of two materials small, and to 
generate phase contrast by making small the refractive index of the substrate which has 
provided the level difference, or filling up the portion of the stair-like slot on the substrate with 
other optical materials. 
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[0027]NA(s) which the optical disc of a DVD system and a CD system requires differ, at the 
time of the optical disk reproduction of a CD system, NA is smaller than that of a DVD system, 
and it is preferred to restrict so that the periphery of an object lens or a phase control element 
may not be used. Therefore, although light with a wavelength [ for the optical discs of a DVD 
system ] of 650 nm penetrates to the periphery of a phase control element, the light which is 
the wavelength of 780 nm for the optical discs of a CD system can use the opening control 
filter of wavelength selectivity which is not penetrated. 

[0028]An optical design is carried out so that the phase of the periphery transmitted light of a 
phase control element may shift at the time of the optical disk reproduction of a CD system, 
aberration is generated so that emitted light may not condense effectively on an optical disc 
surface, and opening control can be carried out substantially. In this case, the opening control 
filter of wavelength selectivity can be excluded, the mark of a using section article can be 
reduced, and it is desirable. 

[0029]lt is preferred to arrange the photodetector which leads the emitted light from the light 
source which is two from which wavelength differs an above-mentioned phase control element, 
respectively to an optical recording medium, and detects the catoptric light from an optical 
recording medium between the light source and optical recording medium of an optical head 
device which it had at least. 

[0030]By including the phase control element of this invention in an optical head device, a 
wavefront aberration becomes small, therefore the noise of the optical signal which is catoptric 
light from an optical disc can be reduced. If the phase control element of this invention is used, 
the component-parts mark of this device can be reduced, this fission product also becomes 
small, further, the routing counter of optical head device creation can be reduced, and 
productivity will also improve. 
[0031] 

[ExampleJHereafter, this example is described, referring to drawings. The oscillation 
wavelengths of two semiconductor lasers used here were 650 nm and 780 nm. 
[0032]First, the stair-like slot for phase control is explained. It is the refractive index n= 1.5 of 
the used substrate, and was made not to change a phase to light with a wavelength of 650 nm 
by considering it as the level difference of h= 1.3 micrometers substantially. On the other hand, 
when this level difference was made to penetrate light with a wavelength of 780 nm, the phase 
contrast of 1 .67 pi was able to be generated. That is, the phase was changed only to light with 
a wavelength of 780 nm by creating this level difference in two steps like drawing 4 . Phase 
contrast when the substrate in which the slot for these phase control was formed was used 
was shown in drawing 3 . 

[0033]The substrate in which the slot for these phase control was formed, and the substrate, 
with which the hologram for beam splitters was formed were laminated, and it unified, and was 
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considered as the phase control element, and this phase control element was included in the 
optical head device ( drawing 5). 

[0034]As this hologram, the lattice-like uneven part was provided in the thin film of the polymer 
liquid crystal which has birefringence, it is the optical-isotropy material which has a refractive 
index almost equal to the Tsunemitsu refractive index of this polymer liquid crystal, and the 
polarization hologram filled up with the uneven part of the thin film of a polymer liquid crystal 
was used. This polarization hologram differs in diffraction efficiency by the polarization 
direction of the entering light, uses the polarization direction of high transmissivity on the 
outward trip which faces to an optical disc from a semiconductor laser, and can rotate a 
polarization direction with lambda/4 board in a return trip, can use the polarization direction of 
high diffraction efficiency, and can lead light to a photodetector. lambda/4 board used here was 
made into the phase contrast of 1/4 to two wavelength of 650 nm, and wavelength with an 
average of 780 nm. 

[0035]ln the optical head device of drawing 5 , the emitted light from the semiconductor laser 
9A with a wavelength [ for the optical discs of a DVD system ] of 650 nm and the 
semiconductor laser 9B with a wavelength [ for the optical discs of a CD system ] of 780 nm a 
light source Each collimate lens 10A, 10B is penetrated, an optic axis is coincided by the 
wavelength selectivity prism mirror 7, the phase control element 6 with the polarization 
hologram of this invention is penetrated, and it condenses to the field of the optical disc 4 with 
the object lens 5 after lambda / 4 board penetration. The catoptric light with the pit information 
of this optical disc 4 penetrates the object lens 5 after lambda / 4 board penetration again, 
bends an optic axis slightly by a polarization hologram, and reaches each photodetectors 1 1 A 
and 1 1 B. The role of lambda/4 board is as having described above. 
[0036]Here, it is good in the semiconductor laser for the optical discs of a DVD system also 
considering the semiconductor laser for the optical discs of 9B and a CD system as 9A. In this 
case, unlike the above-mentioned case, the reflection property of the wavelength selectivity 
prism mirror 7 will reflect light with a wavelength of 650 nm. 

[0037]The wavefront aberration was small made to 0.018lambda rms by inserting this phase 
control element to wavefront aberration 0.14lambda when not using this phase control 

rms 

element at the time of the optical disk reproduction of a CD system. By this, the noise of the 
information light which is catoptric light from an optical disc has been reduced. The 
component-parts mark of the optical head device could be reduced, and the miniaturization 
has been realized. 
[0038] 

[Effect of the lnvention]Since the substrate in which the stair-like slot for phase control was 
formed, and the substrate, with which the hologram for beam splitters was formed were unified 
by this invention, part mark could be reduced and the miniaturization and the weight saving 
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were further realized by it. 

[0039]Since both boards are unified from the start when incorporating as an optical head 
device, the alignment accuracy of both boards is also high and, in addition to there being no 
necessity for the alignment of both boards like an assembler, can raise productivity according 
to there being few component-parts mark. 



[Translation done.] 
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